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7KH LPSURYHPHQWV LQ PHFKDQLFDO SURSHUWLHV RI ORZ FDUERQ SODWH VWHHOV FDQ EH DFKLHYHG E\ WKH
FRPELQDWLRQ RI PLFURDOOR\LQJ DQG FRQWUROOHG WKHUPRPHFKDQLFDO SURFHVVLQJ 7KH PLFURDOOR\LQJ
HOHPHQWVVXFKDV1E7LDQG9IDFLOLWDWHDXVWHQLWHJUDLQUHILQHPHQWDQGSUHFLSLWDWLRQVWUHQJWKHQLQJ
RI IHUULWHE\FRQWUROOHGIRUPDWLRQRISUHFLSLWDWHV0XOWLPLFURDOOR\LQJFDQ OHDG WR WKHIRUPDWLRQRI
FRPSRXQGV ZLWK FRPSOH[ FKHPLFDO FRPSRVLWLRQV ZKLFK IXUWKHU LQIOXHQFHV WKH PHFKDQLFDO
SURSHUWLHV RI WKH VWHHOV>@ 7KH W\SH RI SUHFLSLWDWH IRUPHG DQG WKH VHTXHQFH RI GLVVROXWLRQ DUH
FRQWUROOHG E\ WKH WKHUPRG\QDPLFV RI WKH SKDVHV DQG WKHLU FRPSRVLWLRQ ,W ZDV IRXQG WKDW WKH
SUHFLSLWDWLRQ RI 1E FDUERQLWULGHV LQ WKH 1E VWHHOV ZDV FKDQJHG E\ 7L DGGLWLRQV ZKLFK OHG WR WKH
IRUPDWLRQRIFRPSOH[7L1EFDUERQLWULGHV >@7KHFRUHRIVXFKFRPSOH[SDUWLFOH LVEDVHGRQ7L1
DQG KDV D VSKHULFDO FXELF RU FUXFLIRUP VKDSH >@ 0DQ\ RI WKH FRUHV KDYH FDSV LQ WKH IRUP RI
HSLWD[LDO RYHUJURZWKV EDVHG RQ 1E& 7KHVH 7L1E&1 FDUERQLWULGHV DUH YHU\ VWDEOH DW KLJK
WHPSHUDWXUHDQGH[KLELWDFXELFVKDSHWKHUHIRUH1ELVQRWIXOO\VROXEOHLQWKHUHKHDWLQJSURFHVVDQG
UHPDLQV LQ7LULFK 7L1E&1FDUERQLWULGHV IRUPHGGXULQJ WKHVWHHOPHOWLQJSURFHVV >@$YHU\
ORZ OHYHO RI 7L DGGLWLRQV ZDV IRXQG WR KDYH D ODUJH LQIOXHQFH RQ WKH GLVVROXWLRQ EHKDYLRU DQG




FXEHVZHUH FXW IURP WKLV SODWH DQG UHKHDWLQJ WUHDWPHQWVZHUH SHUIRUPHG LQ WKH WHPSHUDWXUH UDQJH
EHWZHHQDQG&IRUPLQ7KHUHKHDWHGVDPSOHVZHUHWKHQTXHQFKHGLQZDWHUWREHORZ
URRP WHPSHUDWXUH 6SHFLPHQV IRU 7(0 ZHUH SUHSDUHG E\ WKH FRQYHQWLRQDO PHWKRG RI FDUHIXO
JULQGLQJIROORZHGE\HOHFWURSROLVKLQJ7KHVSHFLPHQVZHUHH[DPLQHGZLWKD-(2/)(*7(0
ILWWHGZLWKD*DWDQ,PDJLQJ)LOWHU*,)RSHUDWLQJDWNH9&KHPLFDODQDO\VLVIRUWKHSUHFLSLWDWHV
ZDV SHUIRUPHG E\ XVLQJ(QHUJ\'LVSHUVLYH [UD\ VSHFWURVFRS\ ('67KH FKDQJH RI WLWDQLXP WR
QLRELXP UDWLR ZLWKLQ SUHFLSLWDWHV ZDV DOVR LQYHVWLJDWHG E\ SHUIRUPLQJ OLQHVFDQV DFURVV WKH
SUHFLSLWDWHV ZLWK D QP VSRW VL]H 7KH *,) ZDV XVHG WR DFTXLUH HOHPHQWDO PDSV IRU QLRELXP




RI WKH ORZ OHYHO RI WLWDQLXP DQG QLWURJHQ$FFRUGLQJ WR WKHLUPRUSKRORJ\ WKHUH DUH WZR W\SHV RI
SUHFLSLWDWHV7KHSUHFLSLWDWHVZLWKDQ LUUHJXODU VSKHULFDO VKDSHZHUHPRVWO\REVHUYHGZKHUHDV WKH
W\SHZKLFK GHPRQVWUDWHG D FXERLG UHFWDQJXODU SDUDOOHORSLSHGPRUSKRORJ\ZDV HQFRXQWHUHG OHVV
IUHTXHQWO\,QJHQHUDOERWKRIWKHPZHUH1EULFKFDUERQLWULGHV+RZHYHUDKLJKHU7L1EUDWLRZDV
FOHDUO\IRXQGLQWKHFXERLGSUHFLSLWDWHV0RVWRIWKHREVHUYHGSUHFLSLWDWHVUDQJHGLQVL]HIURPWR
QPDOWKRXJKVRPHRI WKHPZHUHPRUH WKDQQP7KHFXERLGSUHFLSLWDWHV WHQGHG WRKDYHD
ODUJHUVL]H$OWKRXJKPRVWSUHFLSLWDWHVVKRZHGD ORZ7LFRPSRVLWLRQVWLOOVRPHSUHFLSLWDWHVKDGD
TXLWH KLJK 7L7L1E UDWLR DURXQG a FRPSDUHG WR WKH DYHUDJH YDOXH RI  /LQH VFDQ
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*,) HOHPHQWDO PDSV VKRZQ LQ )LJ  LQGLFDWH WKDW WKH\ DUH QLRELXP FDUELGHV 6XFK VPDOO 1E&
SUHFLSLWDWHV ZHUH QRW REVHUYHG HLWKHU LQ WKH KRWUROOHG VWHHO RU WKH VWHHO UHKHDWHG DW KLJKHU
WHPSHUDWXUHV7KHFRPSOH[SUHFLSLWDWHVVWDUWHG WRGLVVROYHZKHQ WKHVWHHOZDVUHKHDWHGDW&




SUHFLSLWDWHVFRQWDLQLQJQLRELXP LQ DVVRFLDWLRQZLWK WLWDQLXPZHUH IRXQG LQ WKH VDPSOH UHKHDWHGDW










),*  7(0 PLFURJUDSKV RI YHU\ VPDOO 1E&
SUHFLSLWDWHV IRUPHG LQ WKH +6/$ VWHHO DIWHU
q&UHKHDWLQJDLVDQRYHUYLHZPLFURJUDSK
ZLWKORZPDJQLILFDWLRQELVD]HURORVVLPDJH
ZLWK KLJKHU PDJQLILFDWLRQ DQG FI DUH WKH
HOHPHQWDOPDSVXVLQJQLRELXPFWLWDQLXPG
FDUERQHDQGQLWURJHQIUHVSHFWLYHO\
),*  $ EULJKW ILHOG 7(0PLFURJUDSK RI D
SUHFLSLWDWH LQ WKHKRWUROOHG VWHHO D DQG WKH
OLQH VFDQ SURILOH E 7KH HOHFWURQ VSRW LV 
QPDQGWKHOLQHVFDQVWHSLVQP
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